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The  Pro~ress  in  the  Study  of  Semiconductor  Materials  (2) 

Hsu  Chen-chia 

3.  Other  Semiconductor  Materials 

There  are  some  other  areas  from  which  semiconductor  materials  can 
be  found  and  to  which  the  materails  can  be  applied.  They  are  solid 
solutions  of  Group  111-V  and  Group  11 -VI  compounds;  heterogeneous  junction 
of  chemical  compounds;  various  ternary  and  hither  compounds;  and  amorphous 
semiconductor. 

By  the  rules  concluded  in  crystal  chemistry,  and  according  to  the 
tendency  of  periodic  table  change,  a mreat  amount  o^  semiconductor  ternary 
and  hiyher  compounds  can' be  made,  such  as  A'U'"CV1,  A"B,VC,V'  • • . Amonv  these 
compounds,  ZnSiP,,  CdGaAs,  have  arrested  people's  attention  because  they 
show  characteristics  which  bear  resemblance  to  those  of  Group  111-V  compounds. 
On  the  other  hand,  by  combining  binary  compounds  which  have  become  well 
known,  it  can  produce  numerous  semiconductor  polynary  compounds,  such  as 
( 111-V)- (11-V1),  (lll-V)-(ll  IV  V0),  (lll-V)-(l  111  V?_).  Tli is  hr nd  of  work 
was  vei *y  active  in  the  middle  1950's,  but,  except  for  some  theoretical 
exploration,  the  prosnect  of  application  is  not  clear.  Here  is  no  a+ tempt  to 
make  any  farther  discussion. 

1.  GaAs-]_xPx  is  a solid  solution  which  has  developed  very  rapidly  in 
recent  years.  As  ind'cated  in  Table  5,  this  material  can  be  used  to  make 
solid  dirit  display  tube.  Because  o'*  the  use  '“or  model  display  in  computers, 
the  production  of  this  liyht-emittin'*  article  by  some  countries  is  .annually 
more  than  4 x 10  ’ pieces.  GaAs^_xPx  is  nr e pared  mainly  by  us ' np  vapor 


phase  epitaxy  ncthod,  such  as  usin  g G»/Asf (,/PHj/MCl/  II,  or  0«/A»Cl,(ortPCl,)/A»,H, 

(or  and  GaAs  as  substrate.  It  is  easy  using  this  method  to  regulate 

kinds  of 

"he  components  and  thereby  to  have  various  ^li"ht  length.  It  ps  rood  for 
bulk  production.  After  being  nixed  with  Np,  the  material  can  produce  529°! 
yellow  light.  There  is  also  a lot  of  Gai_xAL-As.  To  prepare  this  material 
is  to  use  liguid  phase  epitaxy  method,  when  x ~ 0.3^,  it  can  produce6,600j 
red  liirt. 


In  recent  years,  quite  few  neople  work  on  such  solid  solutions  as 
In,(7a,-,As,  InAj.P,-,,  In.CJa^.As.P,-,  mainly  because  these  materials  can  be  used  to 
make  negative  electronic  affinity  photoelectric  anode.  Of  such  anode,  the 
photoelectricity  is  highly  sensitive,  and  dark  current  is  small.  After  the 
component  of  this  solid  solution  is  regulated,  it  can  be  used  to  design 
spectral  characteristics.  But  tKere  is  still  a number  of  problems  to  be 
solved,  such  as  how  to  use  this  material  to  make  photoelectric  anode 
penetration  pattern;  how  to  make  curve  focusing  plane  which  the  photoelectric 
anode  is  used  to  use;  hoi;  to  ~et  a lar^e  scale  material  of  several  tens  o^ 


square  om; 
break  away 


and  how  to  continuously  cover  the  CsO  layer  wihtout  having  to 


from  vacuum.  So  the  anode  of -this  kind  is  still  at  the  sta~e  of 


being  studied  and  its  future  development  is  quite  promisi-g. 


Of  Group  11-V1  compound  solid  solution  that  which  has  been  studies 
the  most  is  TeCdxH,g]_,x. • It  is  verv  use  "ul  infrared  orobe  material,  and  it 
can  be  used  to  make  ei'en  probe  of  3-14  micron  (atmosphere  transparent 
window).  Qurr^ntly  the  3tudy  mainly  covers  crystal  of  a In 

addition,  fcnSc.Tf.-.CO.ft  > x 5*  0.1),  Zn.Cd.-.Tr  (x  < O.^),  Mr.OI.-.TcCk  ^ 0.4)  have 
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"Iso  been  studied.  They  are  also  mat”"!” Is  used  to  make  infrared  probes. 

2.  The  boundary  where  two  di  'ferent  kinds  of  semiconductors  are  bended 

together  is  called  heterogeneous  junction.  If  the  two  semiconductors  are 

called  e>  tTy.o  Cs 

both  n type  (or  p ‘’me) , the  boundary  ls-leotTmo  heter'o  aeneous  junction. 

If  the  types  of  electric  conduction  of  two  semiconductors  are  opposite  to 
each  other,  the  boundary  is  called  opposing  type  heterogeneous  junction. 

Such  ideas  were  advanced  twenty  years  ago,  and  because  of  their  recent  paining 
in  practical  application,  they  have  caught  great  attention.  A sinrle 
heterogeneous  junction  (nCiaAs-PGsAs-IHia^.Al.AO  laser  can  make  the  density  of 
threshold  current  at  room  temperature  several  decrees  lower  +han  omegeneous 
junction,  and  double  heterogeneous  junction  (nG»,_,Al.As-I,(<aA5-P<.a,_.AI,As) 
lasers  at  room  temperature  continuously  intorfer  each  other.  Now  the  scone 
of  study  on  heterogeneous  junction  has  vreatllv  been  exnnnded. 

The  main  condition  under  which  the  heterogeneous  junction  can  oro\/ 
well  is  the  natch  o*  crystal  lattice.  T°ble  6 g*ves  tue  data  of  the  commonly 
well  known  materials.  When  the  crystal  lattice  of  two  sets  of  materials 
does  not  match,  a polyboundary  plane  will  be  formed  at  the  boundary,  and 
the  property  of  hetero  eneous  junction  w'll  therefore  become  low.  The  crystal 
lattice  constant  difference  of  GaAs  and  Ge  is  0.5$,  and  it  is  a heterogeneous 
junct'on  which  has  been  successful  ly  studied.  The  crystal  lattice  constant 
difference  of  GaAs  and  AlAs  is  0.14$,  so  the  heterogeneous  jnuction  of 
G^-.Al.Ai-GaAk  is  also  a successful  one.  ^or  solid  solution,  by  regulating 
the  components,  it  ca”.1^^  crystal  lattice  constant  unmatchedness  the 
min'mum.  For  instance,  the  crystal  lattice  constant  unmatchedness  of  GaAs-GaP 
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is  3. 6'#,  but  in  GaAs0  ^P0  it  can  be  retaliated  into  1.4$.  This  is  the 
material  used  in  light-emitting  diode.  The  hetoro aeneous  junction  materials 

which  are  widely  under  study  at  the  are  sent  time  include:  GaAs-CaAs,_.P,,  GaP- 
(Jji_.Al.Ai,  Gc-Si,  GjI'-Si,  ZuSe-ZnTc,  GaAi-ZnSe,  (a?  InSe),  InA»t_,P,-InAs  (oiMnP),  Ga,-, 
Id.Ai-<iaAs,  (ul -In. ^ ^jjg  contents  of  these  studies  are  mainly  the 
semiconductor  fundamental  physical  phenonmena,  which  can  be  classified  into 
two  aspects:  transport  process  and  photoelectric  nature.  Of  transport 
process,  it  studies  the  characteristics  of  vdit-ampere  under  the  Treasure 
of  positive  and  reverse  volta'e,  and  discovers  that  the  electric  currents 
are  of  two  parts:  one  is  affected  by  temperature  and  the  othe^  is  not.  Of 
the  photoelectric  nature,  it  exolores  the  photoelectric  process  of  isotyne 
as  well  as  opposing  type  hcterreneous  junction,  and  the  imnact  of  boundary 

T°ble  6 Data  of  Crystal  Lattice  liatch  of  Materils 


plane  on  the  photoelectric  effect.  But  because  of  the  lack  of  understanding 
of  boundary  plane,  the  study  in  this  respect  is  till  at  the  beginning  stage, 
and  the  prosnect  of  application  is  not  clear. 

Because  of  the  consideration  of  the  techniques  in  integrated  circuit 
and  optical  intexration,  recently  there  have  been  quite  few  studies  on  the 
subject  of  compound  epitaxy  on  insulated  substrate.  The  general  situation 
' s indicated  in  Table  7. 


Table  7 The  General  Situation  of  Compound 

Semiconductor  I'etoro-'eneous  Epitaxv 


Corner und 



Substrate  | Technique 

Growth  r°1 
(A/ 

e Ed  i- te"1 

Ct)  “ 

■> . Paralle  1 • cr-'s  t . d 
denosit/ hubs tra ta 

. 

• 

AI.O, 
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r>h?se  denos^t 

— 1100 

1-700 

riii)/(0t(i0), 

OT»)/d  I ’») 

M|Ai,n. 

chenical  vapor 
phase  denosit 

_ 

700 

Ciooynio) 

ClF, 

molecule  beam 
epitaxy 

- 

— 540 

-/(in) 

BeO 

thermal 
dec  ompo  s i t.  i on 

- 

IliO, 

K (O  •>'»roo’T 

do  exposition 

, - 

MgC«a(0« 

.•liquid  phase 
epitaxy 

- 

_ 

- 

GaP 

Al,Oa 

chemical  va^or 
phase  deposit 

8000 

800 

(lll)/(000l) 

M«AI,0.  t 

c-  enical  vapor 
phse  denosit 

8000 

700 

( 1 1 1 ;/( 1 1 1 ) 

Si 
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thermal  decomp. 

5000 

GiN 



AliOa 

CVD  , 

thermal  decomn. 

925 

(0001  )/(CH)01 ) 

91 

thermal 

decomposition 

’ 

- 

— 

InAi,  InP 

Al,Oa 

c hemi cal  vapor 
phase  deposit 

-500 
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fit l)/(0001) 
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AI.O, 

chemical  vapor 
phase  deposit 

-1000 
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. .. 

(11I)/(000I) 
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(*-0.1  -0.6) 

, 

■hMCMOTA  MWJRt 

700—725 

0«Ai1_Sba 

C*  -o.i  - o.j) 

AI.O, 



C7D(triply  print- 
tive  Oft-AiH,— sbii,) 

* 

725 
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3.  There  are  areas  in  the  study  of  semiconductor  materials,  which 
caught  "reat  attention  in  the  very  beginning.  They  are  the  so-called 
a^netic  semiconductor,  superconductive  semiconductor  and  rare  earth  semi- 
conductor. In  the  early  1950's,  someone  thought  that  magnetic  semiconductor 
was  non-existent.  But  fro"  the  study  of  europium  sulphide,  it  has  been 
found  that  this  kind  of  ferromagnetic  material  clearly  has  ike  characteristics 
of  semiconductor.  The  materials  include:  UuO,  liuS,  EuSe;  MnB;  VO,;  Gc lc-MnTe; 
CtK'rjS,,  Zni  jn  0ne  material,  there  exist  two  basic  physical  features — 
mar net ism  and  semiconduction,  it  is  rather  significant  in  theory  as  well  as 
in  application.  Same  is  the  case  of  superconductive  semiconductor,  such 
as  SrTiOj,  Oe,_.Te  (x  > 0)  . 

There  is  a other  special  semiconductor  that  is  amorphous  semiconductor. 

The  amorphous  semic  nductor  materials,  which  have  so  far  been  known,  are 

of  two  major  "-roups:  sulphide  amorphous  semiconductor  and  oxide  semiconductor, 
those 

Sulphide  series  are, selected  from  among  elements, of  Ge,  Si,  As,  Te,Se,  and 
S,  and  by  different  ratio  they  are  made  into  binary,  ternary  and  higher 
compounds,  such  as  As-S,  As-Se  series  and  As-Te-Ge  series.  The  oxide  series 
are  by  di  Terent  ratio  made  from  B-,0^,Ba0,  VoO  or  BoO,  CaO,  CuoO.  The  main 
characteristic  of  amorphous  semiconductor  is  that  the  atoms  (molecule , ion) 
will  make  no-  more  periodic  and  regular  arrangement,  and  its  good  points 
are  that  ike  techniques  required  for  nrer>ari n"  it  are  simple;  the  effect 
of  ‘he  minute  amount  imrcurity  is  not,  mre^t;  the  integrity  of  articles  made 
of  it  "a  ' working  cost  is  low;  a d ability  o'*  .radiation  resistance. ks 
strong.  The  areas  which  hhve  to  far  been  explored  for  amplication  are 
switch  and  memory  device.  Of  a switch,  the  swit, chine  time  is  short,  but  the 
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duration  of  relaxation  is  very  Ion?.  The  structural  problem  (heat  or  ., 
elecric'tv)  is  not  clear,  so  the  prospect  of  application  is  not  promisin'-'. 
Applied  to  memory  device,  such  as  main  read  memory,  the  problems  of1 
stability,  reliab'lity  and  repeatability  have  not  yet  been  satisfactorily 
solved.  Others  like  photographic  target,  "latent  image"  and  photocrystal 
used  in  holoTaph  are  all  under  study.  In  short,  for  makin?  practical 
application  of  amorphous  se"iconductor  possible,  a lot  of  work  in  the  area 
of  theory,  phenomena  analysis  and  technology  has  to  be  done. 

4.  Technoloyr  in  Preparin'*  of  Semiconductor  Materials 

The  techno lo  T u.  ed  in  preparin'*  semiconductor  naJ  e‘-ials  ' as  been 
neylected  for  it  is  sometimes  mistaken  as  a kind  of  simole  technique.  In 
fact,  however,  technology  is  an  important  area  in  the  study  of  semiconductor 
materials. 

1,  Nowadays,  a large  or  a mod ; urn  integrated  circuit,  in  a factory  is  often 
carryin  • on  pro  Tams  of  production  to  produce  by  a rate  o'*  several  million 
pieces  oer  month.  So  to  produce  si Icon  epi-sheet  in  Teat  quantity  has 
become  an  important  task.  It  includes  isodiameter  single  crystal  Towth; 
production  of  silcon  sheets;  thickness  of  the  epi-shee's  in  lar~e  quantity; 
strict  control  of  concentration  and  distribution  of  impurity;  and  the 
Tarantee  of  the  epi-sheet  crystal  perfection.  It  requires  numerous  tech- 
nolo  ical  studies  in  order  to  solve  th"se  problems.  So  far  it  has  been  possible 
to  have  silcon  single  crystal  (isodiameter  control,  equal  standing,  (lllj 
or  [lOO]  ) of  90%  sold  as  silcon  sheets.  A uniform  cutting  , Tinding  and 
selectinr  suitable  physical  parameter  can  therefore  save  manpower  and  cost 
and  can  also  promote  quality  and  quantity.  Of  the  epi-sheet  of  10  Sticron, 
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the  th'ckness  fluctuation  can  be  controlled  by  5%,  but  for  the  eni-sheet 
of  2-3  micron,  it  is  still  difficult  to  control  to  the  same  decree.  Tn 
order  to  control  thickness  fluctuation,  it  must  strictly  control  the 
fluctuation  of  Towth  temperature  and  the  responsiveness  to  the  concentration 
of  silconide  (such  as  SiCl,,  Si!y)  in  the  air.  “’or  achieving  impurity 
evenness,  it  must  control  the  relationship  between  the  s+ate  of  air  flow  and 
impuri ty  concentre tion. 


As  everyone  knows  that  the  perfect"' on  of  material  will  greatly  affect 
the  property  of  an  article  made  of  that  material.  In  the  oast,  however, 
attention  was  largely  ven  to  the  study  of  material  perfection  and  overlooked 
the  defects  caused  by  high  temperature  oxidation  and  latent  diffusion  in 
the  technolo cal  process  of  an  article.  That  is  the  so-called  secondary 
defect.  Mow,  the  perfect  crystal  article  technolory  is  that  which  combines 
material  technology  and  article  technology,  and  emphasizes  on  overcoming 
secondary  defect.  The  technique  of  'winding  and  polish" ng  silcon  sheets,  for 
exor,ole,  uses  temperature  method  to  form  smooth  epi— layer  with  definite 
thickness  and  uses  double  adaptation  method  to  avoid  lattice  d'storMon 
caused  by  too  much  or  too  little  impurity.  All  these  techniques  are  "ood  for 
promoting  property  (sue1  as  lowering  noise)  and  quality  of  articles. 

2.  As  a rc r If  fhe  de'Telonment  of  semiconductor  article -technology, 
now  it  nenerally  ’-ecu’ res  a thin  laver  formed  on  the  substrate.  Silcon 
epitaxy  is  a well  known  example.  In  fact,  a thin  layer  as  required  by 
technology  can  be  a semiconductor,  an  insulator  or  a metal,  and  this  thin 
layer  can  ser’-e  as  inductor  and  sometime  as  an  insulator  or  both.  Because 
of  the  importance  of  such  a thin  layer  in  technological  process,  a technique 
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Insulated 


is  therefore  hoped  to  he  of  mood  repeatability,  short  pr^cessin"  tiro  and 
low  cos*’  so  that  it  can  be  used  to  produce  thin  layer  with  definite  chemical 
as  well  as  physical  character! st ‘ cs.  The  chemical  vapor  phase  deposit  method 
(CVD)  is  the  technique  which  has  developed  rapidly  and  received  "reat 
attention.  The  situation  of  its  application  to  semiconductor  can  be  seen  in 
Table  ft.  The  chemical  vapor  phase  deposit  method  is  to  use  vapor  compound 
or  rf  xt  re  acting  on  a Seated  surface  to  form  t'^e  thin  layer  as  requ’rod. 

This  method  is  simpler  than  vacuum  vaporizat’on  or  splashing,  and  it  ta!:es 
less  time  and  sometimes  its  temperature  can  be  lowered.  As  indicated  in 


Table  8 Application  of  Chemical  Vapor  Phase 
Deposit  to  Somic~nducJ’or  Technology 
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Table  -,this  . method  has  been  used  to  produce  polyervstal  silcon  and  single 
crystal  silcon,  Mo , W,  Pt,  BH,  S109,  AlVh  . In  integrated  circuit 

tec  nioucs,  such  as  burned  layer,  (p-n)  function  isolation,  collecting 
elcctrdde,  emit,  ing  electrode  and  base  electrode,  are  all  coraple+ed  through 
impurity  diffusion.  Solid— solid  diffusion  is  to  use  chemical  ,rapor  phase 
deposit  method  first  to  deposit  the  impurity  source  (AsH^,  PHo , 3pH ) .and 
then  to  di-’^iise  thorn.  As  t e deposition  temperature  is  low,  it  is  easier  to 
c ntrol  the  surface  concentration  and  the  junction  depth,  and  the  eveness 
and  repeatability  are  all  "cod,  too.  The  chemical  vapor  phase  deposit 
method  can  also  be  nr plied  to  many  o her  areas,  so  recently  the  study  of 
his  ■ o hod  spreads  very  rapidly. 

3.  Ihe  qualify  and  ouantity  of  compound  semiconductor  are  far  less 
satisfactory  than  t] ose  of  element  semi c onductor . The  main  reason  for  this 
fact  is  that  there  still  are  many  problems  existing  in  the  techniques  used 
po  ■ oropar'nR  sem'c  'due  tv  aterials.  In  Table  9,  there  is  a list  of 
some  stronm  points  and  shortcomings  o **  the  '■'cthpds  used  in  preparing  semi- 
conductor materials.  The  main  di ^erece  between  compound  semiconductor 
and  elemen^  semiconductor  is  that  the  ''omoer  has  two  or  more  components,  so, 
in  addition  to  the  decree  of  puritv,  there  is  a problem 'of  chemcial  distri- 
bution and  proportion.  It  s*.ill  has  di  '“'iculty  to  measure  accurately  the 
chemical  proportion,  except  thrmah  some  indirect  stud.”-.  In  the  case  o'* 

"allium  arsenide,  for  example,  throurh  a study  of  various  physical  cha^acter- 
<Z  & 

1 sties  of  ^rsenic,  some  of  its  features  arc  found.  At  hx"h  melting  point 
(^1,200'C)  an4  under  "reat  dissociation  pressure  (^10  air  pre~surc),  the 
problem  becomes  even  more  serious.  Taking  GaP  for  example,  in  a single  GaP, 
the  vacancy  concentration  of  0a  or  P is  estimated  ab-ve  10  cm  ?text  is 
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■he  stalling  problem  of  the  reaction  system  ( including  conta'r.cr  and  material 
container)  and  compounds  act 'on.  In  the  methods  used  for  preparing  GaAs, 
there  is  a serious  Si  staining  problem.  The  stain  is  the  result  of  reaction  of 
Gn  (or  TTp)  against  quartz.  In  GaAs  vapor  phase  enitaxv,  someone  trJes  to 
use  Ga/AsClo/Mp  series  and  it  is  honeful  to  avo d Si  stain.  In  short,  only 
some  inventive  work  can  bring  a break  through  in  this  field. 


Table  9 The  Principal  Methods  of  Preparin'*  Comnound  Semiconductor 


Methods 

Strong  Points 

Shortcomings 

Grow  out  of  non-chemi- 
cal apportioned  solu- 
tion 

technique  eouipment  is 
simple  (low  temneratu^e 
low  pressure)  ~ood  cry- 
stal perfection 

small  cr-stal,  crystal! zation 
rate  low,  Ion'*  processing 
time,  low  production 

Crucible-free  zone 
melting 

the  stain  on  the  mater- 
ial container  is  avoid- 
able 

Complicated  eouipment,  small 
diameter  si  "le  crystal, 
difficult  to  use  at  high 
temperature  ( 7 1300CC)  and 
under  hi^h  pressure  ( 7 2 
atm. pressure) 

simple  equipment, 

Horizontal  zone  melting  possible  to  have  lar^e 
(or  directional  cry-  single  crystal 

staining  material  container, 
difficult  to  use  at  hi"h 
temperature ( >1300  on’’ 

stalization)  under  high  pressure ( > 2 

atm. pressure) , Ion'1,  proces- 
sing fne,ha"d  to  have 


crystal  perfect ~ on 


possible  to  have  large 

compl’cated  eauipme^t, sthininr 

Pulled  single  crystal  single  crystal,  hirh 

material  conta ' ner , poor 

crystalizati on  rate , can 

crystal  perfection 

be  ised  at  high  tenner- 

ature,  can  grow  under  j 

high  pressure,  short 

processing  time 

Liquidus  epitaxy 

~ood  crystal  perfection 
high  purity 

lonr  processing  t?ne, low 
production,  strict  requirements 
in  technique,  difficult  *o 
~~ke  good  surf  ace  and  even 
film.  Some  compounds  cannot 
use  this  method 

Vapor  phase  epitaxy 
(thermal  decomposition 
disproportionating 
reaction) 

simple  technique,  high 
purity,  high  product i oi 

y 

difficult  to  control  technique 
i condition,  problems  in  per- 
fection, homogeneitv  and 
repeatability 

5.  The  Characteristic  Parameter  Test  and 
Analysis  of  Semiconductor  Materials 

The  characterise' c parameter  test  and  analysis  of  sen' conductor 
material  is  an  important  aspect  in  the  study  of  semiconductor  materials. 

These  parameters  include  data  relating  crystal  struct’ire,  connonents,  defects, 
aid  physical  as  well  as  chemical  characteristics  of  the  material  to  articles 
made  of  these  materials. 

As  a result  of  the  development  of  the  semiconductor  article,  the  study 
of  the  characteristics  of  the  materials  has  chan  -ed  greatly.  The  "eneral 
tendency  is  that  the  study  of  semiconductor  materials  has  chanced  into  the 
study  of  thin  layer  and  surface;  the  study  of  even  components  and  electricity 
parameter  develops  into  the  studv  of  uneven  distribution  of  impurity  and 
various  physical  characteristics  in  the  microre,Tion;  and  the  study  of  element 
semiconductor  develops  into  +he  study  of  compound  semiconductor,  which 
includes  chemical  a’por^ionment  problems.  In  order  to  promote  accuracy  and 
to  save  man no we r and  time,  the  whole  field  of  testing  has  changed  to  use 
electronic  comnutor,  various  automatic  instruments  and  dicit  display  equio- 
me  t.  The  parameter  for  reneral  use  will  not  be  discussed  here  excepf 

ror  a few  points  which  have  been  considered  important. 

1.  The  articles  used  widely  now  are  mostl'"-  made  of  epitaxial  or  other 
thin  layer  materials,  of  w’  ich  the  thickness  ranges  about  10~--10'^  micron. 
There  are  single  layer  and  multi-layer,  and  heterogeneous  and  homogeneous 
struchnres,  but  their  quantity  is  not  lar~e.  Taking  Si  for  example,  one 
square  cm  thin  la- er  of  10  micron  weighs  only  about  2.3  x 10“3  grams.  It 
is  very  much  different  to  examine  imnuri  ty  and  its  distribution  in  a thin 
la--er  from  examining  semiconductor  materials,  ^or  solving  such  problems, there 
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Table  10  Some  Thin  Lrrcr  and  Surface  M’crore'ion  Ana  ''sis  Methods 


ill 


Ion  beam  or  electron  beam 

Ion  beam 

Low  energy  (0.5-50  KeV) 

Product  after  acting  on 
samples 

scattering  ion 

mm 

photon  produ- 
ced from  ion 
at^n 

Nanes  of  analysis  techni- 
ques 

back  scattering 
low  energy  (l- 
2 KeV) 

Ion  probe 



photon  produ- 
ced /v”on  ion 

Minimum  probe  diameter 

1mm, 

ry  2jm. 

Trnusvers  recognition  rate 

— l/2mm. 

. 

ei  lmicron 

£l/2mm. 

Depth  recognition  rate 
(o  of  total  depth) 

30% 

best 

5-io.:' 

best 

5-10% 

1 

Sampling  depth 

(1-2) atom  layer 

( i— 5 ^ atom  Inver 

(l— ? r3"r°? 

Consumption  of  each  sarrolq 

( 1-4 1 atom  la,rer 

> Ip  ton  lrr’er 

>^atom  laver 

1 

Destructive  or  not 

yes 

yes 

■"■es 

Analys ' zed  element 

z >4 

all  elements 
e>:oe"+  ’e,‘Te 

all  elements 

Testing  limit 

n.l  a+'^ 

’ 5.1-1  ) ' w . 
[10^-0.  l)at  % 

_ 



Accuracy 

- 

loi 

_ 

Sample  necessary  or  not 

necessary 

necessary 

necessary 

Accelerator  necessary 
or  not 

not 

not 

not 

Remarks 

| 

have  been  some  useful  methods  developed.  The  major  ones  are  s own  in  Table 


Ion  probe  technique  is  to  use  ion  source  bombardment  combining  with 
duality  tester.  It  f!rst  uses  ion  beam  emitting  sample  of  1-25  KeV  and  the 
sa  pie  is  splashed,  Most,  of  the  materials  in  the  form  of  neutral  atom  or 
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Table  10  Some  Thin  Layer  and  Surface  Microrevlon  Analysis  Methods 


$B£tI8nlCeir 

Ion  beam 
(0.1  - 3 MeV) 

secondary 

electron 

X ray 

scattering  ion 
secondary  ele- 
ctron 

X ray 

reactant 

(P.tL.r) 

Auger  electron 
spectrum 

electron 

probe 

back  scatter- 
ing 

X ray  produced 
from  ion  beam 

nucleus 
react 1 on 

( 10-100 )micron 

('\2-l)micron 

—1mm. 

—1mm. 

— 1mm. 

(20-5  ^micron 

( 1- 2 ) micron 

^ l/2mm. 

— l/2mm. 

d l/2mm. 

best 

■5-10,1 

limited 

© 

o' 200 A 

limited 

aSlOoof 

(1-5  baton  laye 

' 100 i- 3m i cron 

(l-3)mi cron 

100ft- 3mi cron 

(l-5)micron 

ne~li ~ible 

ind! gestion 

negligible 

negligible  if 
no  ion  bombard] 

negligible 

rent 

not 

not 

not 

not. 

not 

Z>2 

Z 7/  L 

active  to  dou- 
ble element 

Zt-5 

active  to 
li'“ut  element, 

OxlO-l-l"1-- 

a >n  layer 
at  5 

10 '-lO^ppm, 

( 0.1-1) atom 
Laver  (1  >■  \at  ',) 

(10-4-10-2) 
atom  laver 

latom  la,rer 

l-1000nnm, 

(0. 1-1) atom 
laver 

dO”, 

(1-10)5* 

(5-20 ) % 

10% 

~T5^)% 

necessajyr 

ure  element 
cor  *ect ion 

not 

not 

not 

no  + 

necessary 

necen^ir^ 

necessary 

to  do  depth 

analvsis  by  co] 
binin~  splash! 
echnioues 

n— 

nrr 

! 

molecule  are  cut  o'”'  and  a small  part  in  the  pom  o*'  positive  and  negative 
ion  is  splayed  out.  To  analyst ze  these  secondary  ion  in  a quality  tester, 
there  are  two  different  methods:  one  is  to  scan  the  ion  a^ter  focusing 
(diameter  can  be  1-300  micron)  on  the  sample,  and  the  other  Is  not  using 
scanning  but  the  inn  -e  formation  method.  The  speed  of  splashing  is  v-ry 
slow  (O.l-IO^A/  sec.)  and  it  can  be  analyslzed  layer  after  laver.  One  of  the 


characteristics  is  that  it  can  ha're  an  overall  analysis  because  the  quality 
tes'er  has  high  sensitivity. 


Auger  electron  spectrum  technique  is  to  use  electon  bombardment  sample 
of  3-5  KeV  to  make  spectrum  analysis  of  the  Auger  electronenergy  produced 
by  the  bombardment.  The  diameter  of  electron  beam  is  25-100  micron  (can  be 
10  micron), a 'd  the  depth  is  5-20A.  Thus  it  can  be  used  to  make  surface 
impurity  analysis.  This  technique  has  been  comprehensively  used.  If  it  is 
combined  with  ion  (1  KeV  Ar+  or  Xe+  ^ source  banbardmen^ , it  can  have  an 
Aurer  electron  snectrum  of  the  longitudinal  impurity  distribution. 

Ion  back  scattering  technique  is  to  use  ion  (s\ich  as  proton,  4”e+)  o** 
KeV  or  MeV  energy  bumping  with  the  elasticity  of  the  surface  atoms  (blocking 
effect)  to  produce  characteristic  en.er-y  spectrum  which  indicates  the  mass 
of  the  scattering  center. Thus  the  components  of  the  external  atoms  can 
be  known.  Combining  with  solas  ing  t.echnioue,  it  can  learn  the  oonditm'ons 
of  the  longitudinal  impurity.  This  technique  is  not  suitable  to  light 
element  but  it  can  be  used  to  study  impurity  and  defect  position  of  ion 
implantation  la"er.  In  addition,  the  X ray  prod  ced  by  lrT  ion  bambardment 
can  also  be  used  +o  analvsize  s rface  components. 

For  perfection  analysis  qf  thin  layer  or  surface  stricture,  there  '-ave 

,<JyC 

been  such  instr une  ts  as^olectronic  microscope,  low  and  high  e ergy  electron 
diffraction  and  high  pressure  electronic  m'croscope. All  these  instrume  ts 
can  be  used  together.  The  scanning  electronic  microscope  can  be  used  to 

make  a scanning  observation  o**  the  material  s’irfnce,  and  its  general  e 

e 200  Aj 

reco"nition  ability  is/%^100A,  denth  reco~nition  ra+e  can  roaefyand  its 

multiple  is  20X  — 2 10  X.  The  high  pressure  electronic  microscope 
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(l-3million  volt)  con  nc  etratc  3-n  times  deeper  than  an  ordinary  electronic 
microscone,  so  it  cau  be  used  directly  to  obsreve  samples  of  only  several 
micron.  As  what  is  observed  is  close  to  the  nature  of  semiconductor  materials, 
it  can  have  the  relationship  between  macroscopic  property  and  microscopic 
structure.  A low  energy  electron  di^^ection  of  5-500  eV  can  be  used  to 
a.alysize  the  atomic  structure  of  several  lasers  of  the  surface. 

According  to  the  principle  of  X rav  extraorod inary  nenetrat'on,  and 
us'ng  the  so-called  appearance  photograph  technique,  the  defects  of  a nioce 
of  semiconductor  material  can  be  disclosed.  This  method  has  been  w'dely 
used  ow,  but  it  is  not  rood  "or  condTt;ons  of  high  defect  density  PiO  cm"""', 
and  its  exposure  time  is  very  long  (•'*•*1$  hours).  If  there  is  a synchrotron 
accelerator  X ray  radiation,  the  magnitude  of  strength  can  be  promoted  to 
3-6.  It  takes  only  a "ew  second  to  take  an  aprearnce  picture.  The  precision 
test,  of  crystal  lattice  constant  is  also  a very  useful  technique.  The  crvst.nl 
lattice  constant  that  so  far  can  be  tested  by  X ray  interference  technique 
is  in~°. 

2.  Been  se  of  the  development  of  thin  f1' lm  material  techniques,  the 
test  of  thickness  of  thin  layer  is  a very  important  work.  So  far  there  hawe 
been  more  than  2:^  different  met' ods.  The  thickness  of  thin  laver  is  related 
to  physica'l  characteristics  of  the  material.  If  the  thickness  is  <ino1t  , 
the  thin  film  can  be  considered  discontinuous  (island  or  hole);  i1*  the 
thickness  is  r^lOcX  but^3000^,  the  electric  parameters, such  as  electric 
conductivity  and  Hall  coefficiency,  will  bo  related  to  the  thickness;  and 
if  it  is ^ 3000 A,  the  physcal  parameters  will  be  close  to  the  nature  of 
semiconductor  material.  So  the  test  of  physical  characteristics  ‘s  often 
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carried  out  by  a 3cale  7 3'",00\. 

The  method  used  most  videl”  to  fos*  thickness  is  the  'nfrnred  Election 
method.  This  method  is  nondestructive  a d it  cn  be  used  to  test  Si  '*llm 
of  more  than  2 micron.  But  it  can  onl,r  ‘ est  simple  J a,reT*  an  1 't.  requires 
that  the  resistivity  of  substrate  (me'  *»s  ' ohr.cyO  a . ? epitaxial  layer 
( ohm. cm)  must  be  different.  T”o  r^fleeMor.  "lan^s  are  parallel  and 
the  thickness  fluctuation  is  < 1 micron.  :,,or  milf i-la-er  structure,  i4-  uses 
first  angle  lap  stain  ar.d  then  interference  stripe  *o  determine  t''e  thickness, 
the  testing  range  is  about  1 micron.  There  are  round  plate  rollin'*  method 
and  cylinderial  rolling  method.  The  rollinr  is  used  <*Jrst  a d then  the 
standard  staining  method,  a d the  testing  ran -e  is — 1 micron.  Elliptic, 
measurement  method  (infrared,  visible  li~ht)  is  nondestructive,  and  it  can 
be  used  to  test  the  thickness  of  insulating  layer,  and  the  testing  range 
is  about  10 X.  Generally  speaking,  thickness  test  must  combine  with  real 
situation.  Tor  instance,  it  is  better  to  use  ion  isoabsorption  r>eak  value 
to  test  the  thickness  of  thin  film  of  n = 101  (cm)“-?  GaAs,  and  the  testing 
ran^e  is  about  10“ 1 micron.  In  short,  to  test  thickness  <1  micron  is  still 
quite  di  'ficult. 

3.  Tor  testing  the  electric  characteristics  of  semiconductor  thin 
layer,  such  as  resistivity,  carrier  concentration  and  longitudinal  distri- 
bution, and  transferability,  many  useful  techniques  have  been  developed 
in  rece  t years.  Some  of  them  ar  shown  in  Table  11. 

Using  probe  to  test  resistivity,  the  interstice  between  probes  is 
generally  larger  than  600  micron.  This  technique  can  be  used  to  ''etero^eneous 
epitaxial  layer  and  isotype  layer  or  which  the  op i -layer  resistivity  is  much  lower 

l'* 


than  that  of  substrate.  The  resistivity  expanding  method  can  be  used  to 
both  isotype  and  heterogeneous  epitaxial  layers,  and  arter  angle  lamping, 
it  can  be  used  to  test  longitudinal  d'stribution.BUt.this  kind  of  method 
always  uses  probe  pressure  and  sometimes  the  thin  la,rer  is  broken  by  the 
probe. 

Table  11  Some  o.f  Epitaxial  Layer  Resistivity  Testing  Techniques 


Testing  method 

I resistivity  ran^f 
(carrier  cm- 3 ) 

J types  of  conduc- 
I tion  j 

I accuracy 

Schottky  potential 
ho-rrier,  0— V 

1013-  10 16 

1 1 

n/n 

+ lOt 

Diffusion  junction, 

C-V 

1013-!01S 

1 

n/n  or  p/p 

+ lOt 

Enitaxial  junction, 
C-V 

1013-  101” 

N/N  or  P/P 

+ lot 

Four  point  probe 

1012-  102° 

-/P  or  P/N 

+ 2% 

Spreading  resistant  1 
probe 

KCS  electric  capacity 

10^  - 102" 

10 12  _ iq16 

all 

all 

+ lot 

± 50 1 

The  various  (C-Vi  methods  use  (electric  capacity voltage)  relation- 
ship as  foundation  to  examine  carrier  concentration  and  longitudinal 
distribution.  For  GaAs,  the  secondary  harmonic  method  has  been  used  to 
register  carrier  longitudinal  distribution.  But,  because  the  exhaustion  layer 
is  limited  only  the  vicinity  of  (p-n)  junction,  this  method  is  onlv  suitable 
when  carrier  concentrat ' on  is  < lO”''  cm-3,  and  it  cannot  be  used  ‘'or  poly- 
layer  epitaxy. 

fi"st 

Testing  transferability  op  thin  laver  usuallv^uses  supplementing  sheet 
to  the  high  res'stant  substrate  and  then  the  general  testing  method.  But 
for  testing  a very  thin  layer  which  is  <1  micron,  the  problem  is  rather 

IB 
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complicated.  Due  to  the  surface  scattering  caused  by  the  S’irfnce  electric 
char^  layer,  the  transferability  is  low.  Of  thin  layer  electric  conduction 
structure  and  var'ous  surface  ejects,  the  theory  has  not  yet  become  clear, 
so  the  problem  of  testing  method  has  not  been  solved. 

4.  The  fluorescence  (photoexcitation  or  electron  exc'tation)  technique 
is  the  method  which  is  mature  and  widely  used  in  recent  years.  Through 
fluorescence  peak  analysis,  the  data  concerning  impurity,  defect  energy  level, 
surface  homogeneity,  s'ngle  impurity  (defect)  center  or  compound  center. 

This  method  is  nondestructive,  simple  and  can  be  used  to  thin  layer  materials. 
Tt  is  now  mainly  used  in  the  compound  semiconductor  of  illuminant  articles  , 
such  as  GnAs,  GaP.  Further  analysis,  such  as  nonradiation  compound  action, 
has  not  yet  starred. 

Using  far  infrared  excitation  snectrum  (PTTS)  unde”  low  teirvnerature  to 
study  di  f‘i*ev,ent  kinds  of  impurity  and  their  concentration  :n  semiconductor 
materials  has  ■’eveloped  ’’ery  well  in  recent  years.  The  instrument  used  in 
this  study  is  infarned  Mie^eison  inferferome+er.  It  firs*  ‘'inds  out  the 
interfere  ce  spectrum  of  liaht  strenpth  and  the  movement  of  reflecting 
mirrow  AX  . Then  through  Courier  conversion,  it  has  a Fourier  conversion 
spectrum  which  is  formed  according  to  the  frequency  distribution.  The 
energy  range  is  usually  within  (0-15  FeV) . Because  this  met  od  is  to  excite 
the  neutral  donor  (or  acceptor)  to  a state  of  excitation,  then  using  the 
phonon  in  the  crystal  to  excite  the  electron  (or  vacancy)  on  the  excited 
donor  (or  acceptor)  onto  the  conduction  band  (or  valence  band)  and  finally 
using  photoconductor  to  have  the  signal,  the  spectral  line  is  therefore 
narrow,  the  signal  noise  is  loud  ( ^ V)  and  the  recognition  rate  and  the 
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sensitivity  are  high.  Under  favorable  conditions,  the  concentration  of  low 
ener'-y  level  impurity  can  be  analysized  to  10  cm  - . 

To  study  impurity  distribution  in  crvstal  lattice  is  an  important  and 
significant  work,  ^ton  the  infrared  absorption  spectrum  analysis  of  a local 
phonon,  the  impurity  d'stribution  in  GaAs  can’ be  learned,  such  as  si  Icon 
in  '’allium  fSiga  (d^cm--1  )j  or  in  arsenic  ,'Sias  (399cm-^)}  . "Vom  strength 

(Sig.-)  (Si  As) 

analysis,  the  content  of  impur'ty  can  also  be  estimated.  But  this  method 
can  only  be  am  lied  to  heavy  blending  ( y 10’L  cm  ) and  to  imnurity  op  small 
mass  and  can  form  a local  phonon,  such  as  Li,  B 'n  Si  and  Si,C,  Al,  P,Li  of 
GaAs.  Another  method  is  using  the  channel  effect  between  ior.  (such  as  4Be+) 
of  — 1 MeV  and  solid  action  to  analys'ze  the  distribution  of  impurity  atoms  in 


crystal  lattice  . This  method  is  only  suitable  for  the  heavy  elements  (such 

as  As,  Sb  in  Si)  of  high  content  10^  cm~-^)  or  the  fluctuating  atoms  of 
20  _ 

Si  of-o-10  cm  3.  It  is  easy  to  analysize  the  atoms  of  substituional 
impurity,  but  th  atoms  of  nonsubstituti -nal  impurity  is  quite  complicated. 

So  this  method  is  mainly  applied  to  the  diffusing  and  ion  implantation  layers. 
AfAer  the  bombardment  by  the  particle  of  MeV,  the  sarnie  itself  is 
possibly  damaged  by  the  radiation. 

5.  The  analysis  of  characteristics  of  semiconductor  materials  is  a 
natural  development  of  some  deeper  studies.  ’•'rom  such  studies,  it  can  find 
out  how  to  use  these  materials  and  how  to  improve  the  mass  or  the  materials. 

So  th  semiconductor  material  phys'cs  '■’as  become  an  important  and  broad 
field  of  study.  Ihe  followin'*  is  some  of  the  directions, which  some  of 


current  studies  have  concentrated  on. 


The  stud-/'  of  e '.er^y  band  structure  is  a fundamental  subject  in 
semiconductor  physics.  The  development  as  well  as  the  application  achieved 
in  this  study  is  remarkable.  In  addition  to  the  elements  of  Group  IV,  the 
compounds  of  Group  111-V  and  Group  11-V1  and  the  solid  solut'ons  among  them 
have  all  been  studied.  The  study  of  Te  energy  band  structure  wM ch  is 
much  "'ore  complicated  has  also  made  considerable  achievement.  In  laboratory 
techniques,  it  has  develoned  the  technique  of  how  to  modulate  spectrum,  and 
e^err  ran~e  has  become  much  higher,  such  as  ultraviolet  electron  spectrum 
(UPS). 

The  study  of  material  transporting  process  concentrates  on  problems 
of  strong  electric  field,  hot  electron  movement  and  negative  resistance  of 
body  effect.  There  are  also  many  projects  of  studying  sound-electric  effect.. 

In  recent  years,  the  study  of  electron-vacancy  combined  illumination 
in  theory  as  well  as  in  application  has  made  marvelous  advancement,  such 
as  GaP,  which  has  indirect  band,  can  emit  light  through  exciton  that  is  bound 
by  impurity.  The  work  on  heterogeneous  jnuction  has  increased  reatly  and 
achieved  some  applications  already.  Accompanying  the  development  of  laser 
techniques,  the  study  of  semiconductor  materials  has  entered  into  a new 
area,  such  as  laser  source  Raman  scattering. 

Recause  the  semiconductor  articles  have  more  and  more  concentrated  on 
the  vicinity  region  of  the  surface,  and,  in  fact,  there  have  been  many 
surface  effect  articles, the  study  of  surface  has  once  a»ain  received  treat 
attention  recently,  such  as  the  relationship  o'*  Si  surraee  condition  with 
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its  inner  condition;  surface  deposit  matel  of  Si,  GaAs  and  GaP;  semiconductor 
film;  the  semiconductor  surface  potential  barrier  rerion;  the  boundary 
plane  of  Si-Si09.  and  Si09  layer. 

6 Conclusion 

Those  ' as  have  mentioned  above  are  the  broad  and  important  areas  in 
the  study  of  semiconductor  materials  and  also  conce  trated  points  in  the 
recent  studies.  The  work  on  semiconductor  materilas  in  China  has  come  out  of 
nothiny,  and  in  the  1950* s,  we  achieved  meat  advancement.  In  the  1960’s, 
we  achieved  farther  development,  'h’ora  our  exmerieoce,  we  have  confidence 
that,  in  the  very  ne->r  future, we  can  catch  up  with  advanced  level  in  the  world. 
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